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(£) Self-coupling mould assemblies. 

(57) A self damping mold assembly for injection 
molding articles from material cured by the 
application of temperature and pressure. The 
assembly includes a mold body and a lock 
mechanism housed within the body. The body 
has aligned, independent plates, each having a 
mold cavity and a lock bore portion with a 
central axis. The lock mechanism includes a tie 
rod assembly for engagement with one of the 
independent plates, and a force generator as- 
sembly for engagement with another of the 
independent plates. The tie rod and force 
generator assemblies are engaged with the lock 
bore portion of the plates. The tie rod assembly 
includes a tie rod adapted for rotatable engage- 
ment within the mold assembly, and the force 
generator assembly includes a lock shaft adap- 
ted for locking engagement with the tie rod and 
a spring biased member retained with respect 
to the lock shaft. Upon locking engagement of 
the tie rod with the lock shaft compressing the 
spring biased member, the independent plates 
are maintained in clamped condition for the 
injection of molding material. 
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The present invention relates to self-clamping 
mold assemblies for the molding of articles, and in 
embodiments to a self-clamping mold assembly for 
the molding of articles from a material which is cured 
by the control of temperature and pressure. 

Background 

A variety of mold assemblies are currently avail- 
able for the molding of articles from materials cured 
by the control of temperature and pressure. In the 
past, moid assemblies have consisted of single or 
multiple cavity, multiple plate molds. The molds were 
generally pre-heated to a desired temperature, 
clamped or compressed by an injection mold ma- 
chine, and then injected with the desired molding ma- 
terial. The injection of the molding material was often 
accomplished using an injection press. The molding 
material in the cavity or cavities of the molds was then 
cured under pressure within the injection press. 

The production rate of injection molded articles in 
molding systems using mold assemblies of the type 
mentioned above has been increased by the use of 
conveyors to transport the molds between injection, 
compression, and heating stations. For example, 
U.S. Patent No! 1,935,794 provides a method of 
molding articles in which the mold is transported by 
a transfer system between a heating station and a 
compression station, and maintained under compres- 
sion during transport through a curing station. 

A disadvantage, specifically with respect to mold- 
ing systems using an injection system having in Injec- 
tion press to apply continued pressure to the mold 
during both injection and curing of the material, is that 
the injection press is primarily utilized as a press, 
rather than as an injector. The use of an expensive in- 
jection press for providing pressure to the mold, rath- 
er than solely for the injection of material is ineffi- 
cient, and reduces the overall cost effectiveness of 
the system. 

Another disadvantage of molding systems using 
past mold assemblies is the high forces or clamping 
forces required to be applied by the injection system 
to resist both the operating pressure externally ap- 
plied to the mold during the injection of material into 
the mold, and a separation pressure internally ap- 
plied to the mold as a result of the injection of material 
and initial curing of the material within the mold. The 
component of the separation pressure attributed to 
the injection of material is proportional to the cross- 
sectional area of the molding cavity. The clamping or 
resistance force required must be greater than the op- 
erating and separation pressures. Thus, as the size 
of the product to be molded increases, the clamping 
force required to be applied also increases. 

With conventional molds, the separation force 
generated is a function of the entire exposed or un- 
loaded components forming the internal mold cavity, 



or the cross-sectional area of the mold cavity. With a 
self-clamping mold, however, the separation force is 
only a function of the exposed portions of the mold, 
and the cross-sectional area of the runners and 

5 sprue openings. Thus, prior mold devices required 
larger damping forces to be applied by the press, 
since the molds were not pre-loaded. 

A still further disadvantage of conventional mold- 
ing systems is that the molded articles produced typ- 

w ically require additional processing to remove flash 
from the articles. The formation of flash, and Its re- 
moval, result in increased costs due to wasted mate- 
rial, and the additional process of deflashing the ar- 
ticle, or removing the excess material, and finishing 

15 the article. An additional inspection of each article 
may also be required, which further increases the 
overall labor expense of the system. 

The present invention provides a new mold as- 
sembly for molding articles e.g. from high grade com- 

20 pound material cured by the application of tempera- 
ture and pressure. As used herein, the term "cure* is 
intended to include treatment by the application of 
either heating or cooling temperatures, cross-linking 
of the material to be cured, and other material treat- 

25 ments whereby the molding process is completed and 
the material to be molded attains its finished condi- 
tion. 

The mold assembly of the present invention is a 
multi-section, self-clamping mold which is preferably 

so usable in an automatic nonsynchronous molding sys- 
tem, however, it should be understood that the mold 
may also be used in synchronous molding systems. 
During operation of one nonsynchronous type, the 
mold is first injected with molding material by a mate- 

35 rial injection system. A transfer system is then used 
to transport the mold to a curing apparatus for curing 
the article. The curing process includes processes 
which change the physical form of the material,, e.g. 
conventional vulcanization, and melting and sol id if i- 

40 cation as in thermoplastic crystallization. Once the 
molded article is cured, the mold is transported by the 
transfer system to a mold separator-assembler 
wherein the mold is undamped and disassembled 
into its sections, so that the finished molded article 

45 may be removed from a mold section. The empty mold 
sections are then pre-treated, assembled, and pre- 
loaded for transport from the mold separator-assem- 
bler by the transfer system to a position for production 
of additional molded articles. A controller system 

so choreographs operation of the Injection system for in- 
jection of the molding material into the molds, and the 
proper timed movement of the molds by the transfer 
system through the material injection press, curing 
apparatus, and moid separator-assembler to ensure 

55 the proper curing of the articles to be moulded. See 
our earlier-filed EP-A-488508. 

Some aspects of the present invention are set out 
in the daims. 
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In one general aspect, the invention Is concerned 
with a self-clamping mould assembly having a body 
consisting of two or more separable sections which 
can be clamped together to define an internal mould 
cavity. The assembly includes one or more reteasable s 
clamping elements connecting between the sections 
in such a way as to enable them to be held in a clamp- 
ed condition, and which may have one or more of the 
following independent novel features. 

One such feature is the division of an elongate 10 
clamping element, extending through the assembly, 
axially into two sections which are releasably engage- 
able e.g. by a rotational relative movement between 
them. When engaged, the composite element can 
withstand the clamping force, when released, it can 15 
be taken apart. 

One element may be rotatable around its own 
axis relative to the assembly, the other fixed. 

In another novel feature, a spring biasing means 
is provided on a clamping element to exert a force in 20 
a clamping direction relative to the sections, and 
exerts its biasing force on the sections when they are 
pressed together. Typically, the spring biasing means 
are compressed by a machine when the mould is as- 
sembled, and the clamping element locked using a 25 
locking movement into a condition in which the rela- 
tively compressed spring biasing means tend to exert 
a clamping effect on the sections after release of ex- 
ternally-applied compression. 

The spring biasing means may be provided sur- 30 
rounding part of a rotationally-fixed or rotationally- 
free clamping element portion, as mentioned above. 

In accordance with the preferred mold assembly 
of the present invention, the mold assembly includes 
a body and lock mechanisms housed within the body. 35 
The body has two or more e.g. three aligned and in- 
dependent plates. Each of the plates includes a mold 
cavity, supporting a mold cavity insert for receiving 
the molding material, and lock bore portions with a 
central axis for receiving a lock mechanism. The self- 40 
clamping, pre-loaded mold Is preferably a single cav- 
ity mold, however, molds having different internal 
configurations may be used with the system, includ- 
ing multiple cavities, to enable the concurrent mold- 
ing of different parts. The lock mechanisms of the 45 
present assembly clamp the plates such that the 
plates forming the molding cavity are under pressure 
or pre-loaded, such that the pressures due to injec- 
tion of the molding material are contained by the 
mold. Only a runner and/or sprue openings e.g. in one so 
plate, which access the molding cavity in the mold, 
are required to be contained or clamped by an exter- 
nal force during the injection operation. 

The self-clamping mold is maintained within the 
injection system for a time sufficient to cure, set or 55 
partially cure the material within the runners or sprue 
openings, by which material is provided to the pres- 
surized or pre-loaded mold cavity. Because the sprue 



opening or gate is small, the impact of temperature 
and pressure conditions result in rapid changes to the 
material at that location. The rapid material changes 
set the material within the sprue gates to prevent the 
removal of material or reverse material flow out of the 
mold. Thus, the self-clamping mold need only be 
maintained in clamped or compressed position within 
the injection press of the injection system to cure the 
material within the sprue openings. 

In conventional molding techniques, the injection 
system or compression press, applies the necessary 
external force for clamping the mold. Using such con- 
ventional techniques, the cross-sectional area of the 
entire mold cavity is exposed, and the clamping force 
required due to the injection force component of the 
separation force is transferred by the mold body to 
the injection system. 

The mold lock mechanisms secure the plates in 
clamped, pre-loaded condition, arranged in stacked 
or parallel planar relationship. Each lock mechanism 
includes a tie rod assembly engaged with one of the 
plates, and a force generator assembly engaged with 
another plate. The tie rod and force generator assem- 
blies are engaged within the lock bore portion of each 
plate. The tie rod assembly includes a tie rod which 
is rotatable within the tie rod assembly for engage- 
ment with the force generator assembly. 

The force generator assembly includes a lock 
shaft which is engaged by the tie rod and a spring 
biased member. Upon engagement of the tie rod with 
the lock shaft, the spring biased member is com- 
pressed to maintain the plates in clamped condition. 
In the clamped or pre-loaded condition, the mold 
plates are under pressure without the use of an ex- 
ternal press or other clamping or loading force ap- 
plied by an injection press. 

Prior to injection of material into the mold, the 
mold is preferably pre-treated with any necessary 
mold coatings, heated to a desired temperature to as- 
sist with curing of the material, or provided with any 
inserts or other internal elements to be included with- 
in the article to be molded. Upon completion of the 
pre-treatment process, the mold plates are assem- 
bled into aligned position and the lock mechanisms 
are mechanically engaged to clamp sections of the 
mold together under a force of approximately 6000 
pounds, or 3000 pounds per lock mechanism, in the 
example of the preferred and illustrated embodiment 
It should be understood that one or more lock mech- 
anisms may be used which apply any desired force 
per lock mechanism, as may be needed in the partic- 
ular molding operation. The mold is then moved into 
position for engagement with an injection system 
nozzle for the injection of the molding material. 

Embodiments are now described with reference 
to the accompanying drawings, in which: 

Figure 1 is a schematic view of a self-clamping 

mold assembly; 
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Figure 2 is a partial, cross-sectional view of a tie 
rod assembly illustrated in Figure 1; 
Figure 3 is a top view of the tie rod assembly 
shown in Figure 2; 

Figure 4 is a partial cross-sectional view of the 
force generator assembly; 
Figure 5 is a top view of the force generator as- 
sembly shown in Figure 4; 
Figure 6 is a partial, cross-sectional view of the 
lock shaft of the force generator assembly; 
Figures 7 and 8 are top and bottom views, respec- 
tively, of the lock shaft illustrated in Figure 6; 
Figure 9 is a cross-sectional view of the lock shaft 
bearing of the force generator assembly; 
Figure 10 is a top view of the lock shaft bearing 
of Figure 9; 

Figure 11 is a schematic, partial, cross-sectional 
view of a different embodiment of self-clamping 
mold assembly, positioned for engagement by a 
portion of an injection press of the injection sys- 
tem; and 

Figure 12 is a schematic, partial, cross-sectional 

view of another embodiment of a lock mechanism 

of a self-clamping mold assembly. 

Figure 1 illustrates a self-clamping mold assem- 
bly embodying the invention for use during the injec- 
tion molding of material M cured by the application of 
temperature and pressure. The assembly, generally 
referred to at reference numeral 10, includes a mold 
body 12 and two mold lock mechanisms 14, 16. 

The illustrated mold body 12 has three indepen- 
dent plates, a top plate 18, a center plate 19, and a 
bottom plate 20. The plates are preferably construct- 
ed of a cast material, and include a mold cavity por- 
tion 22 and a lock bore portion 24 having a central 
axis 24a. Each of the plates additionally includes an 
alignment opening 23 for receiving an alignment dow- 
el 25. The dowel 25 is engaged with each of the open- 
ings 23 to maintain the plates 18, 19, 20 in aligned 
position relative to one another. 

In the preferred and illustrated embodiment, mold 
inserts 26 are also provided in the mold cavity por- 
tions 22. Although the mold cavity portion 22 in each 
of the plates forms a mold cavity 22a, and the mold 
cavity may be used to receive the molding material M, 
in the preferred embodiment, the mold inserts 26 of 
each plate are used to form a material cavity 28a for 
receiving molding material. 

Each of the mold inserts 26 includes a seat 29 to 
support, retain and locate the inserts within its re- 
spective mold cavity portion 22, and a material cavity 
portion 28 for receiving the material M or other ele- 
ments E to be molded into the product. In the illustrat- 
ed embodiment, the mold insert 26 of the bottom 
plate 20 is further secured within its seat 29 by a 
threaded fastener 30 engaged with an opening 31 in 
the insert and an opening 32 in the bottom plate. Sim- 
ilar openings and threaded fasteners may be used in 



the top and center plates to secure their respective in- 
serts. Such fasteners additionally assist with orienta- 
tion of the mold inserts within their respective plates. 
The mold inserts 26 provide the advantage that 

5 the desired size, number, or shape of the material 
cavity 28a can be quickly changed. Damaged cavity 
portions may also be economically replaced, and 
many different products may be manufactured using 
a common style moid body 10. 

10 The top mold plate 1 8 includes sprue openings or 
runners 34, which provide a passage for the material 
M to be provided to the materia] cavity 28a of the mold 
1 0. Additionally, a central opening 36 and a center pin 
member 38, engaged within the central opening, are 

15 provided. The central opening 36 and pin member 38 
have a vertical center axis 37. 

Intermediate the center pin member 38 and cen- 
tral opening 36, a layer of semi-rigid material 40, such 
as bronze Teflon, is provided. The intermediate layer 

20 40 enables engagement of the pin member 38 within 
the central opening 36 by surrounding the pin mem- 
ber with the layer of material and pressing the mem- 
ber and layer into engagement within the central 
opening 36. Once engaged within the central opening 

25 36, the intermediate layer 40 deforms to a semi-rigid 
condition, and maintains the member 38 engaged 
within the opening. The intermediate layer 40 addi- 
tionally enables axial movement of-the center pin 
member 38 within to engage a rigid element E. This 

30 movement compensates for tolerance variation of 
element E, enables a seal to be provided between the 
pin member and element E, and thus eliminates flash 
resulting during injection. 

In the illustrated embodiment of Figure 1, the 

35 center pin member 38 engages a rigid element E 
which is centered within the mold cavity 28a. Rigid 
elements E may be provided within the material cavity 
28a to enable molding of the elements within the 
product being manufactured. Engagement of the ele- 

40 ment E with the pin member 38 properly positions 
and seals the element within the material cavity 26a 
for molding of the element E Into the item being man- 
ufactured. A retainer 33 may also be provided for en- 
gagement with an opening in the bottom plate 20 to 

45 further assist with properly positioning the element 
E. 

In the event no such elements E are required to 
be molded into the product, the use of a pin member 
and center opening may be eliminated. A mold 10" 

so having such an alternate embodiment is illustrated in 
Figure 1 1 . As each of the components of t he alternate 
embodiment 10" are substantially similar to the em- 
bodiment illustrated in Figure 1, a double prime des- 
ignation will be used to reference the components of 

55 this alternate embodiment. 

In the illustrated embodiment of Figure 1, each of 
the mold plates 18, 19, 20 includes plate transport 
carrier wheels 42, preferably four wheels per plate. 
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The wheels 42 are used during transport of the indi- 
vidual plates 18, 19, 20 between various work sta- 
tions subsequent to injection of the molding material 
M. The wheels 42, when used in conjunction with a 
continuous conveyor or other transfer system, pro- s 
vide rolling contact to move the respective plate in the 
desired direction. Thus, when used in conjunction 
with a conveyor system, the plates are capable of 
substantially parallel horizontal movement. 

In the preferred embodiment, the transport 10 
wheels 42 are secured on cast bosses by bumpers 44 
extending from each plate. The bumpers 44 function 
to maintain mold position relative to the transfer sys- 
tem, while maintaining transport wheel 42 contact, 
preventing excessive plate rotation or angular move- 1 5 
merit, and preventing excessive lateral movement. 

Additionally, transport coupling notches 46 are 
also provided on each plate adjacent the bumpers 44. 
As shown in Figure 1, the coupling notches 46 are 
positioned on the corners of each plate, and may be 20 
used for engagement by an external actuator for mov- 
ing the plate and/or plates in a horizontal direction. 

The mold plates additionally include one or more 
plate locating detents 48. As illustrated in the top plate 
18 of Figure 1, the detents 48 provide a means for 25 
positively locating and positioning the mold 10 for 
treatment, engagement with an external actuator for 
desired movement and engagement with other trans- 
portation systems. 

The mold insert 26 of the bottom plate 20 of the do 
mold body includes a precision base opening 49 and 
a rectangular shaped precision base portion 50. Us- 
ing either or both of the precision opening 49 or base 
portion 50, the mold assembly 10 may be readily 
transferred between necessary process stations. The 35 
precision opening 49 and portion 50 allow economical 
transfer systems such as conveyors to be employed 
to transport the mold assembly 10. 

Turning now to Figures 2-10, a first embodiment 
of the components of the lock mechanisms 14, 1 6 of 40 
the mold assembly 10 are illustrated. As the first and 
second lock mechanisms 14, 16 of this embodiment 
are identical, only the first mechanism 14 wfll be dis- 
cussed in detail, and the components of the second 
lock mechanism 1 6 will be referred to by the same ref- 45 
erence numerals used in connection with the first lock 
mechanism 14. 

Additionally, although the use of two lock mech- 
anisms 14, 16 is illustrated, the number and size of 
lock mechanisms used may be determined by one of 50 
ordinary skill in the art in light of the design of the 
product to be manufactured; the geometry of the 
product, including its cross-sectional area and physi- 
cal shape; and the characteristics of the material M 
used, such as viscosity changes or chemical reac- 55 
tions under various temperature and pressure condi- 
tions. 

The mold lock mechanism 14 of Figure 1 has a 



central axis 14a aligned with the central axis 24a of 
the lock bore portion 24 when the lock mechanism is 
engaged with the mold assembly 10. The lock mech- 
anism 14 includes a tie rod assembly 52 and a force 
generator assembly 54. Upon axial movement of the 
tie rod assembly 52 into engagement with the force 
generator assembly 54 as in Figure 1 , the lock mech- 
anism 14 of the embodiment clamps the plates 18, 
1 9, 20 under a force of approximately 3,000 pounds. 
The lock mechanisms 14, 16 are thus used to pre-lo- 
ad the components of the mold assembly 10 with a 
desired pressure, and thereby apply the necessary 
force to prevent separation of the mold plates 18, 19, 
20 and associated inserts 26 during and after the in- 
jection of material M. 

Figure 2 schematically illustrates the locking tie 
rod assembly 52. The tie rod assembly 52, engaged 
with the top plate 18, includes a tie rod 56 rotatably 
engaged within the assembly, a tie rod bearing 58, a 
thrust washer 60, a retainer 62 and a locking pin 64. 

The tie rod 56 transfers the force created by the 
force generator assembly to clamp the plates 18,19, 
20 of the mold assembly 10. It further enables mold 
assembly, disassembly and engagement with adja- 
cent moid plates. The tie rod 56 includes a head por- 
tion 66 on one end 68 thereof, the locking pin 64 on 
a conically shaped second end 70 thereof, spaced 
from the one end 68, and a shaft 72 intermediate the 
ends 68, 70. The second end 70 is conically shaped 
for ease of engagement of the tie rod 56 during auto- 
mated assembly of the mold 10. The shaft 72 is en- 
gaged through tie rod bearing 58 and supports the re- 
tainer 62, which is a locking retaining collar secured 
surrounding the shaft 

The head portion 66 is rotatably engaged within 
the tie rod bearing 58, and additionally includes key 
slots 74 and spring biased ball detents 76. As best 
shown in Figures 2 and 3, the key slots are provided 
to enable rotation of the tie rod 56 by an actuator into 
engagement with the force generator assembly 54. 
The conventional ball detents 76 are provided for 
aligning the tie rod 56 in spring biased engagement 
with the tie rod bearing 58. Such engagement resists 
rotation of the tie rod 56 when it is in the unlocked or 
unloaded position, aligned for engagement with the 
force generator assembly 54. 

The tie rod bearing 58 is a stepped cylindrical 
bearing for aligning the assembly 52 within the lock 
bore portion 24, and to assist with positioning of the 
tie rod 56. The tie rod bearing 58 is seated within the 
lock bore portion 24 of the top plate 16, and includes 
a cup shaped portion 78 with an internal bearing sur- 
face 79 for engagement with the head portion 66 of 
the tie rod 56, and a base portion 80 having a central 
opening 81 therethrough for engagement by the shaft 
72 of the tie rod. The bearing 58 may be fastened to 
the mold lock bore portion 24 of the top plate 18 using 
conventional fasteners engaged through threaded 
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openings 77 provided through the bearing surface 79 
of the cup portion 78. The bail detents 76 of the tie 
rod 56 are engaged within openings or depressions 
82 formed in an internal surface of the cup portion 78 
to maintain the position of the tie rod 56 when the as- 5 
sembly 10 is in aligned an undamped condition, as 
described above. 

The tie rod thrust washer 60 is positioned along 
the shaft 72 of the tie rod abutting the base portion 
80 of the tie rod bearing 58 on one side, with the re- 10 
tainer or retaining collar 62 on the other side. The 
washer 60 prevents movement of the tie rod 56 in the 
direction of the central lock mechanism axis 14a. 

The retaining collar 62 is clamped to the tie rod 
shaft 72 by a conventional fastener 63. The collar 62 1 5 
works in combination with the tie rod thrust washer 
60, tie rod 56, and tie rod bearing 58 to position the 
tie rod and prevent axial movement in a direction 
along the central lock mechanism axis 14a. 

The locking pin 64 on the second end 70 of the 20 
tie rod 56, engages the force generator assembly 54. 
Upon engagement between the tie rod 56 and force 
generator assembly 54, the plates 18, 19, 20 of the 
mold assembly 1 0 are in clamped condition. The lock- 
ing pin 64 is engaged through an opening 84 formed 25 
in the second end 70 in a direction transverse to the 
central lock mechanism axis 14a, and extending out- 
wardly from the shaft 72 on both sides thereof. 

Figures 4 and 5 schematically illustrate the force 
generator assembly 54 of the mold assembly 10. The so 
force generator assembly 54 includes a non-rotating 
lock shaft 86, a locking bearing 88 having a square 
shaped opening 89 for receiving the lock shaft, a 
spring biasing member 90 and a retainer 92. In the il- 
lustrated embodiment of Figure 4, the retainer 92 is a 35 
conventional nut. The force generator assembly 54 is 
engaged within the lock bore portion 24 of the bottom 
plate 20. 

The lock shaft 86 engages the tie rod 56 during 
engagement of the assemblies 52, 54 to provide 40 
clamped engagement between the plates 18, 19, 20. 
The lock shaft 86 includes a container 94 on one end 
96, with the threaded retainer 92 removably engaged 
with threads 97 on a second end 98 of the lock shaft 
86, and a support shaft 1 00 intermediate the ends 96, 45 
98. A portion 101 of the support shaft 100 adjacent 
the container 94 is substantially square in cross- 
section, while the remainder of the shaft has a cylin- 
drical cross-section. 

The container 94 on the one end 96 of the lock so 
shaft 86 includes a slot opening 104 therein, and a 
lock surface 106 within the container adjacent the 
slot opening. The slot opening has a key-shaped cut 
out configuration, and the non-cut out portions are 
provided with the lock surface 106 adjacent the slot 55 
opening 104, for locking engagement with the tie rod 
locking pin 64. 

During engagement of the lock shaft 86 within 



the lock bearing 88, surface 108 of the lock shaft con- 
tainer 94 engages the lock shaft bearing 88. The 
square cross-sectional portion 101 of the shaft 100 
is also through the bearing opening 89 in the bearing 
88, to prevent rotation of the lock shaft 86. The lock 
shaft bearing 88 may also be secured to the bottom 
mold plate 20 via a conventional fastener engaged 
through openings 110. 

To engage the tie rod and force generator assem- 
blies 52, 54, the non-rotating lock shaft 86 is engaged 
by the tie rod 56. The key-shaped opening 104 in the 
lock shaft container enables access into the container 
94 by the locking pin 64 of the tie rod 56. A conical re- 
cess 112 is provided in the container 94, for mating 
engagement with the conical shaped second end 70 
of the tie rod. 

The shaft 100 of the lock shaft is engaged 
through the opening 69, and supports the spring 
biased member 90. In the illustrated embodiment of 
Figure 4, the spring biased member 90 is a plurality 
of commercial spring washers 91, of a size to obtain 
sufficient spring resistance to thereby generate the 
desired spring force during compression of the wash- 
ers, engagement of the assemblies 54, 56 and move- 
ment of the plates to the clamped condition. 

The spring washers 91 are positioned along the 
shaft 100 of the lock shaft between conventional 
washers 102, and the washers 91 and 102 are pre- 
vented from removal from the shaft by the retainer 92. 
The retainer 92 is additionally used to pre-load the 
spring washers 91 with the desired pressure. In the 
event it is necessary to change defective spring 
washers or replace spring washers to generate a dif- 
ferent force, the retainer 92 may be readOy removed, 
and the desired spring washers, or other spring 
biased members, engaged along the shaft 100. En- 
gagement of the retainer 92 with the lock shaft 
threads 97 ensures continued spring washer tension. 

Locking engagement of the tie rod 56 with the 
lock shaft 86, as in Figure 1 , is provided upon the ap- 
plication of force to the tie rod by an actuator device 
(not illustrated). 

As described in EP-A-488508 an actuator device, 
such as an hydraulic cylinder, engages the key slots 
74 of the head portion 66 and may apply a force up 
to e.g. 5,000 pounds in the direction of the central 
axis 14a of each lock mechanism 14, 16. 

Turning now to Figure 12, a second embodiment 
of the lock mechanism 14' of the mold assembly 10' 
is illustrated. As the second embodiment of the lock 
mechanism has components substantially similar to 
those previously described, the similar components 
will be referred to using the same reference numer- 
als, but with a single prime designation. Only the dif- 
ferences between this preferred embodiment and the 
previous embodiment will be discussed in further de- 
tail. 

The tie rod assembly 52' is substantially as 
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shown in Figures 2 and 3. As illustrated In Figure 12, 
the tie rod assembly is engaged with and through the 
top and middle plates 18', 19', respectively. The tie 
rod 56' is shown in position aligned for engagement 
with the force generator assembly 54'. 5 

Various components of the force generator as- 
sembly 54' differ from those of the first embodiment, 
and include the non-rotating lock shaft 200, a locking 
bearing 202 having a cylindrical opening 203 with flat 
surfaces 204 for receiving the lock shaft, a spring w 
biased member 90' supported on a wear sleeve 205 
and a retainer 206. The locking bearing 202 addition- 
ally includes an extended cylindrical flange 207, such 
that upon engagement of the shaft and bearing, the 
shaft is substantially surrounded by the bearing 202. 1 5 

The lock shaft 200 engages the tie rod 56' to pro- 
vide clamped engagement between the plates 18', 
19*, 20'. The lock shaft 200 includes a container 94' 
on one end 96', and a threaded retainer 206 remov- 
ably engaged with threads 97' on a second end 98' 20 
of the lock shaft 200. A support shaft 100' is provided 
intermediate the ends 96', 98'. A wear sleeve 205 is 
engaged over the intermediate support shaft 1 00'. A 
portion 101' of the support shaft 100' adjacent the 
container 94' is cylindrical with fiat surfaces 208 25 
forming a square in cross-sectional configuration, 
while the remainder of the shaft 100' has a cylindrical 
cross-section. 

The threaded retainer 206 comprises a cup 210 
with a threaded opening 212 for engagement with the 30 
lock shaft, and a cylindrical flange 214 extending 
therefrom in the direction of the lock shaft container 
94'. The outside diameter of the cylindrical flange 214 
of the cup retainer is sized to be siidably engaged 
within the internal diameter of the cylindrical flange 35 
207 of the bearing 202. 

During engagement of the lock shaft 200 within 
the locking bearing 202, a surface 108' of the lock 
shaft container 94' engages the lock shaft bearing 
202. The fiat surfaces 208 of the shaft 100' are also 40 
engaged with the flat surfaces 204 of the opening 
203 in the bearing 202, to prevent rotation of the lock 
shaft 200. The shaft 1 00' of the lock shaft and adja- 
cent wear sleeve 205 support the spring biased mem- 
ber 90'. 45 

In the embodiment of Figure 12, as in Figure 4, 
the spring biased member 90' is a plurality of commer- 
cial spring washers 91'. The wear sleeve 205 acts as 
an inner fixed stop for the spring washers 91'. The 
spring washers 91' are positioned along the shaft so 
100' and wear sleeve 205 between conventional 
washers 102', and the washers 91', 102' are prevent- 
ed from removal from the shaft by the bearing 202 
and retainer cup 210. As illustrated, the extended 
flanges 207, 214 are engaged such that the retainer 55 
cup 210 is within the bearing 202, and the washers 
91', 102' are captured within a chamber 216 formed 
by the sliding cylinders 207, 214. The flange 214 of 



the retainer 206 additionally provides a fixed stop so 
that the spring washers 91' do not over compress. 
The inner surface 215 of the flange 214 also bears 
any side pressure during compression of the washers 
91'. 

To engage the tie rod and force generator assem- 
blies 52', 54', the lock pin 64' of the tie rod 56' is 
aligned with and engaged through the key opening 
104' of the lock shaft 200. The conical recess 112' in 
the container 94' is then engaged with the conical 
shaped second end 70' of the tie rod. Using an actua- 
tor device to apply a force to the tie rod along the cen- 
tral axis 14a, the lock shaft and bearing compress the 
spring washers 91'. 

In the embodiments illustrated in Figures 1, 11 
and 12, upon locking engagement of the tie rod with 
the lock shaft, the spring biased members of each 
lock mechanism are compressed to a minimum of ap- 
proximately 50%, and preferably to 75% in the illu- 
strated examples. At these compression levels, the 
combination of two lock mechanisms places the mold 
plates u nder a force of approximately of 6000 pounds, 
or approximately 3000 pounds per lock mechanism, 
in the examples shown in the application. 

The application of pressure by an actuator device 
compresses the spring washers 91 , 91' and engages 
the aligned second end 70, 70' and locking pin 64, 64' 
of the tie rod through the key opening 104, 104' of the 
lock shaft container 94, 94'. Thereafter, the actuator 
applies a torque to the tie rod 56, 56' to move the lock- 
ing pin 90 degrees out of alignment with the key open- 
ing 104, 104' and into locking engagement with the 
lock surface 106, 106'. Once engaged with the lock 
surface, the second end 70, 70' of the tie rod 56 re- 
mains engaged with the lock shaft container 94, 94'. 

With the tie rod and force generator assemblies 
52, 54, 52', 54' thus maintained in locking engage- 
ment, the spring biased member 90, 90' of the prefer- 
red and illustrated embodiments is compressed to the 
desired percentage of its normal condition, and main- 
tains the mold plates together in clamped condition. 
In clamped condition, the forces generated by the 
lock mechanisms 14, 16, 14', 16' are transferred to 
the mold body and mold inserts 26, 26'. By clamping 
the mold body components under forces as great as 
6,000 pounds, the internal pressures generated dur- 
ing and after injection of the molding material M which 
tend to separate the plates and mold inserts 26, 26' 
are unsuccessful. In the event the lock mechanisms 
14, 16, 14', 16' do fail to overcome the separation for- 
ces, or are unsuccessful at maintaining the plates and 
mold inserts in clamped condition, the result may be 
poorly cured or defective products, or flash on the 
items being manufactured, which must then be re- 
moved. 

In the past, mold assemblies without clamping 
mechanisms were required to be externally clamped 
within an injection press during the injection and cur- 
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ing of the molding material. Such external clamping 
was required to overcome the forces tending to sep- 
arate the mold body, and to cure the molding material. 
The ievei of external force required to be applied by 
such injection presses was proportional to the cross- 
sectional area of the material cavity of themold re- 
ceiving molding material. 

The self-clamping mold assemblies 10,10',10" 
described herein may enable a reduction in both the 
time the mold is required to be maintained within the 
injection press, and in the level of force required to be 
externally applied to the mold. Specifically, since the 
material cavity portions 28, 28', 28" of the mold in- 
serts 26, 26', 26" and plates are pre-loaded by the 
lock mechanisms under a desired pressure generated 
by the force generator assembly, only the open moid 
areas such as the runners or sprue openings 34, 34" 
are required to be contained or pressurized by an ex- 
ternal clamping force while in the injection system. 

The mold assembly 10" schematically illustrated 
in Figure 11 is in a position for injection by a runner 
plate 120 of an injection press of an injection system. 
A still further third embodiment of the lock mecha- 
nism 14" is illustrated in Figure 11, which operates 
similarly to the embodiments previously described. 
Reference numerals with a double prime designation 
refer to components similar to those described in the 
prior embodiments. 

The runner plate 120 is engaged with a nozzle 
122 of the press supplied with material M N by an in- 
jector 124, and an interconnected extruder (not illu- 
strated). Once the runner plate 120 is engaged with 
the top plate 18" of the mold, the nozzle 122 may sup- 
ply the runners 34" with material M" via openings 126 
in the runner plate. 

As the runners 34" are substantially smaller in 
cross-sectional area than the material cavity 28a", 
the required damping forces are accordingly re- 
duced, as well as the time required to maintain the 
mold within the injection system to initiate the curing 
of material within the runners. Typically, a mold as de- 
scribed herein may reduce the necessary clamping 
force applied by the injection system by a factor of 4, 
such that where a force of 4,000 pounds was previ- 
ously required during the injection of the material into 
a conventional mold, a force of only 1,000 pounds 
would be required for a self-clamping mold assembly 
10,10\10" as described. 

It will be understood that variations may be made 
in the specific embodiments described. 



Claims 

1. A self-clamping mold assembly comprising, 

a body and a lock mechanism housed 
within said body, 

said body having two or more aligned, in- 



dependent plates, each having a moid cavity and 
a lock bore portion with a central axis, 

said lock mechanism including a tie rod as- 
sembly for engagement with one of said indepen- 
5 dent plates, and a force generator assembly for 
engagement with another of said independent 
plates, said tie rod and force generator assem- 
blies engaged with said lock bore portion of said 
plates, 

10 said tie rod assembly having a tie rod 

adapted for rotatable engagement within said as- 
sembly, 

said force generator assembly having a 
lock shaft adapted for locking engagement with 

15 said tie rod and a spring biasing member retained 
with respect to said lock shaft, whereby upon 
locking engagement of said tie rod with said lock 
shaft compressing said spring biased member, 
said independent plates are maintained in clamp- 

20 ed condition. 

2. The self-clamping mold assembly of Claim 1 
wherein said tie rod assembly includes a tie rod 
and a bearing, said tie rod adapted for rotatable 

25 engagement within said bearing, said bearing is 
seated within said bore portion of one of said in- 
dependent plates. 

3. The self-clamping moid assembly of Claim 1 or 2, 
30 wherein said force generator assembly includes 

a lock shaft having a slot opening for engagement 
with said tie rod, a locking bearing, a spring 
biased member and a retainer, said spring biased 
member maintained in engagement against said 
35 locking bearing by said retainer, whereby upon 
locking engagement of said tie rod with said lock 
shaft, said spring biased member is compressed 
approximately 50%. 

40 4. The self-clamping mold assembly of Claim 3, 
wherein said tie rod of said tie rod assembly in- 
cludes a head portion on one end thereof rotat- 
ably engaged within said tie rod bearing, a lock- 
ing pin on a second end thereof spaced from said 

45 one end, and a shaft intermediate said spaced 
ends engaged with said tie rod bearing. 

5. The self-clamping moid assembly of Claim 4, 
wherein said lock shaft of said force generator as- 

so sembiy includes a container on one end thereof 
engaged within said lock shaft bearing, a retainer 
removably engaged on a second end of said lock 
shaft spaced from said one end, and a support 
shaft intermediate said spaced ends engaged 

55 with said lock bearing and supporting said spring 
biased member. 

6. The self-clamping mold assembly of Claim 5, 
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wherein said lock shaft container of said force 
generator assembly includes said slot opening 
therein, and further includes a lock surface with- 
in said container adjacent said slot opening for 
locking engagement by said tie rod locking pin. 5 

7. The self-clamping mold assembly of Claim 6 
wherein said tie rod and force generator assem- 
blies each have a central axis aligned with said 

lock bore portion axis such that said tie rod and 10 
lock shaft of said respective assemblies are 
aligned with said lock bore portion axis, whereby 
upon axial movement of said tie rod engaging 
said locking pin with said lock surface, said lock 
mechanism clamps said independent plates un- 16 
der a force of approximately 3,000 pounds. 

8. The self-clamping mold assembly of Claim 7 
wherein said tie rod includes a spring biased de- 
tent having an axis transverse to said central axis 20 
of said tie rod assembly, and engaged within an 
opening in said bearing to maintain said tie rod in 

an aligned position for engagement of said tie rod 
locking pin through said slot opening in said lock 
shaft. 25 

9. The self-clamping mold assembly of Claim 1 
wherein said body further includes a mold insert 
seated within said mold cavity formed by said in- 
dependent plates and having a material cavity for 30 
receiving molding material when said mold is in 
clamped condition. 

10. The self-clamping mold assembly of Claim 9 
wherein each of said independent plates includes 35 
a mold insert seated within said mold cavity, one 

of said mold inserts having an opening enabling 
molding material to be supplied to said material 
cavity, a central opening and a center pin member 
having vertical center axis engaged within said 40 
central opening surrounded by an intermediate 
membrane enabling axial movement of said cen- 
ter pin member within said central opening along 
said vertical center axis. 

45 

11. A self-clamping mold assembly comprising, 

a body and lock mechanisms housed with- 
in said body, 

said body having two or more independent 
plates, each having an aligned dowel opening, a 50 
mold cavity and lock bore portions, and a plate 
alignment dowel engaged within said dowel 
openings to maintain the position of said inde- 
pendent plates relative to one another, 

each of said lock mechanisms including a 55 
tie rod assembly for engagement with one of said 
independent plates, and a force generator as- 
sembly tor engagement with another of said inde- 



pendent plates, said tie rod and force generator 
assemblies engaged with said lock bore portions 
in said plates, 

said tie rod assembly having a tie rod 
adapted for rotatable engagement within said as- 
sembly, 

said force generator assembly having a 
lock shaft adapted for locking engagement with 
said tie rod and a spring biased member retained 
on said lock shaft, whereby upon locking engage- 
ment of said tie rod with said lock shaft and com- 
pression of said spring biased member, said inde- 
pendent plates are maintained in clamped condi- 
tion. . 

12. The serf-clamping mold assembly of Claim 11 
wherein said mold plates include one or more 
plate locating detents tor alignment of said mold 
during the injection of molding material. 

13. The self-clamping mold assembly of Claim 12 
wherein each of said independent plates includes 
a plurality of transport carrier wheels having side 
guide bumpers. 

14 The serf-clamping mold assembly of Claim 13 
wherein said plates further include a plurality of 
transport bumpers having coupling notches. 

15. A self-clamping mold assembly comprising, 

a body and first and second lock mecha- 
nisms housed within maid body, 

said body having two or more independent 
plates, each having an aligned dowel opening, a 
mold cavity and first and second lock bore por- 
tions, and a plate alignment dowel engaged with- 
in said dowel openings to maintain the position of 
said independent plates relative to one another, 

said body further having a mold insert 
seated within said mold cavity formed by said in- 
dependent plates, including a material cavity for 
receiving molding material, 

each of said lock mechanisms including a 
tie rod assembly for engagement with one of said 
independent plates, and a force generator as- 
sembly for engagement with another of said inde- 
pendent plates, said tie rod and force generator 
assemblies engaged with said lock bore portions 
in said plates, 

said tie rod assembly having a tie rod 
adapted for rotatable engagement within said as- 
sembly, 

said force generator assembly having a 
lock shaft adapted for locking engagement with 
said tie rod and a spring biased member retained 
on said lock shaft, whereby upon locking engage- 
ment of said tie rod with said lock shaft and com- 
pression of said spring biased member, said inde- 
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pendent plates are maintained in clamped condi- 
tion. 

16. The self-damping mold assembly of Claim 15 
wherein each of said independent plates includes s 
a mold insert seated within said mold cavity. 

17. The self-clamping moid assembly of Claim 16, 
wherein one of said mold inserts includes an 
opening enabling molding material to be supplied 10 
to said material cavity, a central opening and a 
center pin member having a vertical center axis 
engaged within said central opening surrounded 

by an intermediate membrane enabling axial 
movement of said center pin member within said is 
central opening along said vertical center axis. 
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FIG. 2 FIG. 4 
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